Streptococcus pneumoniae is a major respiratory pathogen that also causes meningitis, otitis media, and bacteremia (1) . In adults, capsular polysaccharides of S. pneumoniae can elicit protective antibodies against pneumococcal infection (2) . However, in children <2 years of age polysaccharide vaccines do not effectively elicit a protective response (3, 4) , and children can have repeated infections with strains of the same or different capsular serotype (5) . Therefore, proteinpolysaccharide conjugates and pneumococcal proteins, including pneumolysin, neuraminidase, pneumococcal surface adhesin A, and pneumococcal surface protein A (PspA), have been considered as alternative means to induce protective immunity in infants and children. The increased frequency of isolation of multidrug-resistant strains of S. pneumoniae accentuates the need for an effective vaccine (6) .
PspA, a surface protein and virulence factor found on all isolates of S. pneumoniae (7) , is highly immunogenic (6) (7) (8) . PspAs share many cross-reactive epitopes, and immunization with a single PspA is cross-protective in mice against fatal infection with strains of the mouse virulent capsular types (6, 9, 10) . Mucosal immunization with PspA can also elicit immunity to carriage (11, 12) .
Information about the basic protein structural domains of PspA came from the DNA sequences of the pspA/Rx1 and the pspA/EF5668 genes (13, 14) . The five domains include 1) a signal peptide, 2) an alpha-helical charged domain (amino acids 1-288), 3) a proline-rich region (amino acids 289-370), 4) a choline-binding domain consisting of 9 to 10 twentyamino-acid repeats (amino acid 371-571), and 5) a C-terminal 17-amino-acid tail (amino acids 572-589). These aminoacid positions are based on the pspA/Rx1 sequence (14) .
A portion of pspA/Rx1 (amino acids 192-260) has been identified that elicits cross-protective antibody responses (15) . Many PspA molecules have been examined to aid in the development of PspA as a protein-based vaccine (16) . From the alignment of PspA sequences of 24 strains, the sequence differences in a centrally located clade-defining region were used to group PspA proteins into six clades (16) . Within the clade-defining region, sequences in the same clade share at least 80% amino-acid identity. The clade-defining region is roughly the same as that shown to elicit cross-protective responses (15, 16) . The six clades have also been grouped into three families. Sequences share at least 50% sequence identity in each family (16) .
During the 1990s, the Colombian Pneumococcal Study Group investigated the capsular type distribution and antimicrobial susceptibility of invasive isolates from children <5 years of age (17) . The data obtained may guide selection of polysaccharides to include in vaccines for use in Latin America. In Colombia and other Latin American countries, the prevalence of strains of capsular serotypes 1 and 5 is higher than in North America (18, 19) . The study demonstrated that vaccine formulations based only on North American data might not be as effective in Latin America because of the differing distributions of capsular types. Surveillance of isolates has continued to monitor any shifts in the antigenic types of pneumococci (20) .
Our study was intended to expand our knowledge of vaccine coverage for a potential protein-based vaccine in Colombian isolates. We determined the frequency of family 1 and family 2 PspAs among S. pneumoniae isolates from Colombia that express one of the seven most common capsular types. Our results will be coordinated with those from laboratories in other Latin American countries to learn the diversity of PspA over the entire region. At present, however, only the Colombian isolates have been investigated completely.
Materials and Methods
Forty S. pneumoniae invasive isolates, representing each year from 1994 through 1998, were selected from the seven most common capsular types in Colombia. All isolates were confirmed to be S. pneumoniae by standard procedures (alpha-hemolysis, Gram stain, optochin test, and bile solubil-Emerging Infectious Diseases ity) (21) . Antimicrobial susceptibility patterns were not considered in the selection of isolates.
Pneumococci were cultured for 6 hr in 10 mL ToddHewitt broth (Difco, Detroit, MI) supplemented with 1% yeast extract, 1% glucose, and 22 µg/mL glutamic acid. After centrifugation, the cells were resuspended in 0.1 mL TE (10 mM Tris HCL, 1mM EDTA, pH 8.0), and lysozyme (10 µL at 50 mg/mL) was added. The cells were incubated for 30 min at 37ºC, and 0.5 mL GES (5 M guanidine thiocyanate, 0.1 M EDTA, pH 8.0, and 0.5% sarkosyl) was added. After incubation at room temperature for 10 min, 0.25 mL (7.5 M) ammonium acetate was added, and the cells were mixed and placed on ice for 10 min. Chloroform/isoamyl alcohol (24:1) was added and mixed, the phases were separated by centrifugation, and 0.7 mL of aqueous phase was recovered. The DNA was precipitated with ethanol and resuspended in 50-100 µL of TE (22) .
Polymerase chain reaction (PCR) was carried out on genomic DNA. The oligonucleotide primers for family 1 were LSM12, 5'CCGGATCCAGCGTCGCTATCTTAGGGGCTGGTT3' (23) and SKH63, 5'TTTCTGGCTCAT(C and T)AACTGCTTTC3' (at position 12 C and T in a 1:1 ratio) and for family 2 were LSM12, 5'CCGGATCCAGCGTCGCTATCTTAGGGGCTGGTT3' and SKH52, 5' TGGGGGTGGAGTTTCTTCTTCATCT3'. The following PCR conditions were used: an initial 95ºC (3 min), 30 cycles of 95ºC (1 min), 62ºC (1 min) and 72ºC (3 min), followed by 72ºC (10 min) (15) in a PTC 150 Thermocycler (MJ Research, Watertown, MA). PCR products were initially run at an annealing temperature of 62ºC. Any isolates yielding no product at 62ºC were repeated at annealing temperatures of 65ºC or 58ºC and then 55ºC to account for potential sequence divergence in the primer region. The amplified PCR products were approximately 1,000 bp for family 1 and 1,200 bp for family 2. The PCR product was run on an agarose gel at 80 volts for 1.5 hr, and the gel was stained with 0.5 µg/mL ethidium bromide. Molecular weight standard for gel electrophoresis was the 1.0-kb ladder DNA (Promega, Madison, WI). Strains BG9739 (clade 1) and AC122 (clade 3) were used as controls for family 1 and 2 tests, respectively (16) . The PspA family of these strains has been confirmed by DNA sequence of their pspA genes (16) .
A pool of immune sera for typing PspA families came from two rabbits, one immunized with rPspA/L82016 (clade 1) and the other with rPspA/Rx1 (clade 2). The antisera for typing PspA family 2 came from a pool of serum from two rabbits immunized with either PspA/V-024 (clade 3) or PspA/ V-032 (clade 4). Recombinant PspA/Rx1 was added to this pool to reduce cross-reactivity with family 1 (clade 1 and 2) PspAs.
PspAs were recombinant products from Escherichia coli strains bearing plasmids with cloned pspA genes. The region of PspA in the cloned fragment includes the entire alphahelical region of the protein and in some cases some of the proline-rich region, which is C-terminal to the alpha-helical region. The gene fragments were cloned into pET-20b vector from Novagen (Madison, WI) between the NcoI and the XhoI cloning sites. This procedure results in an additional 10 amino acids on the C-terminus of the recombinant protein, which includes a polyhistidine for purification. Recombinant proteins were produced in E. coli strain BL21 (DE3) from Novagen and purified by nickel-affinity chromatography, as recommended by the manufacturer. Rabbits were immunized subcutaneously with 10 µg of protein with complete Freund's adjuvant, followed by a second 10-µg injection 1 month later with incomplete Freund's adjuvant and a final 10-µg booster after another month. Rabbits were bled 2 weeks after the last booster.
Pneumococcal isolates were cultured for 6 hr in 10 mL Todd-Hewitt broth (Difco) supplemented as described. After centrifugation, cells were resuspended in 3 mL sterile phosphate-buffered saline (PBS), and 500 µL lysis buffer (0.1% sodium deoxycholate, 0.01% sodium dodecyl sulfate, and 0.15M sodium citrate in 100 µL deionized water) was added. The mixture was incubated at room temperature for 30 min.
Protein in lysates was measured by using bicinchoninic acid as described by Smith et al. (24) After the protein concentration of each lysate was adjusted to 60 µg/mL, 1 µL of lysate and 1 µL each from dilutions 1:5 (12 µg/mL), 1:25 (2.4 µg/mL), and <1:125 (0.48 µg/ mL) were spotted onto two nitrocellulose membranes (Millipore, Bedford, MA) for dot-blot analysis. Each membrane was immersed in 1% BSA/PBST blocking buffer (0.05% Tween 20, 1 mM EDTA pH 8.5, 1% BSA in sterile PBS, incubated at room temperature for 1 hr, and washed three times with sterile PBS. Membranes were then immersed in a dilution of anti-PspA rabbit polyclonal antibodies (1:5,000 in blocking buffer) and incubated at room temperature for 1 hr. Rabbit antisera for families 1 and 2 were processed on separate dot blots. The membranes were then washed three times with sterile PBS and incubated with a biotinylated goat anti-rabbit antibody diluted 1:3,000. The final incubation was with streptavidin-conjugated alkaline phosphatase diluted 1:3,000 and incubated for 1 hr, followed by another washing step. Alkaline phosphatase staining was developed with NBT solution (2 mg nitroblue tetrazolium, 10 mg BCIP [5-bromo-4-chloro-3-indolyl phosphate, p-toluidine salt], 200 µL dimethyl sulfoxide in 20 mL Tris HCl, pH 8.8) with constant shaking until control dots appeared purple. Assignment of the serologic dot-blot results was based on the highest titer of each lysate that reacted with the dilution of the anti-family 1 and anti-family 2 antiserum. BG9739 (clade 1) and EF10197 (clade 2) were used as reference strains for serologic family 1 typing. AC122 (clade 3), BG11703 (clade 4) and ATCC6303 (clade 5) were used as reference strains for typing family 2 (16) .
Results
PCR products ranged from 960 to 1,000 bp for family 1, and 1,200 to 1,400 bp for family 2 (Figure) . Although all lysates of family 1 strains reacted with the family 1 antiserum at 1:5,000 dilution, the antiserum cross-reacted weakly with family 2 lysates, which could generally be detected at a <1:25 dilution but not at higher dilutions. The family 2 antiserum reacted only with the PspAs of family 2 strains, regardless of the dilution. Nevertheless, the combination of the two techniques could reliably detect the PspA family of all strains. The PspA PCR and the PspA serologic dot-blot techniques correlated in 100% of cases.
Of the 40 isolates studied, 25 (62.5%) were family 1 PspA (Table) . Family 1 PspAs were found among isolates with capsular types 14, 6B, 23F, 5, 19F, 1, 8, and 35. All invasive isolates capsular type 6B, 5, and 19F were family 1. 23F, 9, 3, 8, and 35 . The relative distribution of family 1 isolates to family 2 isolates did not fluctuate substantially over the 4-year period. Isolate Co-29, which was capsular type 1, was the only one (2.5%) of the 40 that was neither family 1 or family 2. The remaining four isolates of capsular type 1 were family 1. 
Fourteen (35%) isolates
were family 2, including strains of capsular types 14,
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Conclusion
A vaccine composed of PspA is hypothesized to protect against invasive disease and also eliminate the carriage state. Yamamoto et al. (25) reported that intranasal administration of PspA in mice together with a nontoxic adjuvant (mCT S61F) is an effective mucosal vaccine against pneumococcal infection. In another study, active immunization with PspA reduced the signs of purulent otitis media in rats, although the challenge strain contained a PspA that differed from the immunogen (26) . More recently, immune sera from human volunteers immunized with PspA protected against fatal pneumococcal infection in mice (27) .
All the Colombian isolates were invasive, and all but one belonged to PspA families 1 or 2. This finding is relevant to efforts to develop PspA into a human vaccine component. The distribution of the Colombian isolates between PspA families 1 and 2 did not differ substantially from that observed for isolates from North America and Europe (16) . Therefore, a vaccine formulation including these two families might cover isolates from both North and South America with equal effectiveness. Latin America has a varied distribution of capsular serotypes (17) (18) (19) , which lessens the potential for effectiveness of the heptavalent conjugate vaccine recently approved in the United States (28) .
We have obtained information about pulsed-field gel electrophoresis and penicillin-binding protein patterns and capsular types of Colombian strains with diminished susceptibility to penicillin (20, 29, 30) . Characterizing PspA families of these penicillin-resistant strains and examining representatives of different multiresistant international clones will be of interest for future studies.
